or after exposure to vinyl chloride, 10,11,14 thorotrast, 9 arsenic, 13 anabolic steroids, 12 or foreign bodies. [37] [38] [39] [40] The histologic appearances of angiosarcoma vary with diverse patterns of growth, including papillary, spindled, and epithelioid morphologic features. Epithelioid angiosarcomas may demonstrate sheet-like, tubular, or nested growth patterns with only focal vascular differentiation. This histologic appearance, coupled with immunoreactivity for cytokeratins and epithelial membrane antigen, may lead to misdiagnosis as metastatic carcinoma. [41] [42] [43] [44] [45] Cytologic descriptions of angiosarcoma in fine-needle aspiration (FNA) specimens exist predominantly as case reports, most commonly from the breast and the liver. 46-71 Additional cases of angiosarcoma in pleural and pericardial fluids and urine also have been reported. [72] [73] [74] [75] [76] [77] To our knowledge, the present series represents the largest cytologic series of angiosarcomas; it includes primary and metastatic or recurrent neoplasms. We report the cytologic features of 14 FNA specimens and 1 pleural fluid specimen of angiosarcoma from 15 patients; for 14 of the patients, related histologic specimens were available. These features are considered in a discussion of the differential diagnosis of angiosarcoma, including diagnostic issues related to other vascular neoplasms [78] [79] [80] [81] [82] and the contribution of immunocytochemistry to resolution of the diagnosis.
A b s t r a c t
We report the cytologic features of 15 Angiosarcomas are uncommon neoplasms and account for less than 2% of sarcomas. They occur primarily in the soft tissues and skin of elderly people; the head and neck region is one of the more common sites. Angiosarcomas have been reported as primary neoplasms in numerous other sites, including breast, 1-3 thyroid, 4 ,5 heart, 6 lung, 7 pulmonary artery, 8 liver, [9] [10] [11] [12] [13] [14] spleen, [15] [16] [17] kidney, 18 adrenal gland, 19 uterus, 20, 21 ovary, 22 vagina, 23 testis, 24 bone, 25 and serous membranes. 26, 27 Rare cases of angiosarcoma have been associated with germ cell tumors. 28 Angiosarcoma may develop in the setting of chronic lymphedema, 29, 30 after irradiation, [31] [32] [33] [34] [35] [36] or after exposure to vinyl chloride, 10, 11, 14 thorotrast, 9 arsenic, 13 anabolic steroids, 12 or foreign bodies. [37] [38] [39] [40] The histologic appearances of angiosarcoma vary with diverse patterns of growth, including papillary, spindled, and epithelioid morphologic features. Epithelioid angiosarcomas may demonstrate sheet-like, tubular, or nested growth patterns with only focal vascular differentiation. This histologic appearance, coupled with immunoreactivity for cytokeratins and epithelial membrane antigen, may lead to misdiagnosis as metastatic carcinoma. [41] [42] [43] [44] [45] Cytologic descriptions of angiosarcoma in fine-needle aspiration (FNA) specimens exist predominantly as case reports, most commonly from the breast and the liver. Additional cases of angiosarcoma in pleural and pericardial fluids and urine also have been reported. [72] [73] [74] [75] [76] [77] To our knowledge, the present series represents the largest cytologic series of angiosarcomas; it includes primary and metastatic or recurrent neoplasms. We report the cytologic features of 14 FNA specimens and 1 pleural fluid specimen of angiosarcoma from 15 patients; for 14 of the patients, related histologic specimens were available. These features are considered in a discussion of the differential diagnosis of angiosarcoma, including diagnostic issues related to other vascular neoplasms [78] [79] [80] [81] [82] and the contribution of immunocytochemistry to resolution of the diagnosis. [83] [84] [85] [86] [87] 
Results
Clinical findings, cytologic features, histologic confirmation, and immunocytochemical stain results are summarized in ❚Table 1❚ and ❚Table 2❚. The study included 7 men and 8 women. Patient ages were known in 12 cases. Of these, the mean age was 68.5 years, and the median age was 66 years. The cases included 4 soft tissue angiosarcomas (1 each from the scalp, neck, proximal lower extremity, and retroperitoneum), 2 bone angiosarcomas (lumbar vertebra and tibia), 2 liver angiosarcomas, 3 angiosarcoma lymph node metastases from scalp and facial cutaneous angiosarcomas, 1 additional cervical lymph node metastasis from an epithelioid angiosarcoma of the prostate, 2 breast angiosarcomas, and 1 angiosarcoma of possible right atrial or pleural origin metastatic to pleural fluid. Of these 15 cases, 3 (2 breast and 1 liver angiosarcoma) have been reported previously. 70, 71 Six cases were initial diagnoses of primary sites with histologic confirmation; an additional primary site in the liver was an initial diagnosis without tissue confirmation. One case represented a lymph node metastasis from a primary lowgrade epithelioid angiosarcoma of the prostate.
Cytologic Features
The cellularity varied, but 11 aspirates were of moderate to high cellularity, with 10 of the cases demonstrating an easily identified spindled cell component. The cases with the spindled cell component demonstrated greater cellularity than did cases demonstrating only epithelioid morphologic features. Cytologic examination consistently identified loosely cohesive groups (12 cases) and single cells (13 cases); 3 cases contained more tightly cohesive clusters. Cellular shapes varied from predominantly spindled (7 cases) to epithelioid (3 cases) ❚Image 1❚ and ❚Image 2❚. In 6 aspirates, both cell types were identified.
Nine aspirates displayed moderate to marked nuclear pleomorphism. Two cases with only mild nuclear atypia represented cases of epithelioid hemangioendothelioma of the lumbar vertebra and low-grade epithelioid angiosarcoma of the prostate.
Nuclear morphologic features varied, both within a given aspirate and among different aspirates, with nuclear shapes ranging from oval to round, to elongated and somewhat spindled. Nuclear membranes were irregularly thickened and ranged from relatively smooth to irregular. Nucleolar morphologic features also varied, ranging from inconspicuous (3 cases) to prominent (7 cases) and eosinophilic. Mitotic figures were found inconsistently (6 cases), and only rare atypical mitotic figures were seen.
Vasoformative features, defined as intracytoplasmic lumens (5 cases) ❚Image 3❚, microacinar "lumen" formation (5 cases) ❚Image 4❚, and vascular channels (6 cases), also were identified inconsistently; not all cases with such vasoformative features displayed all 3 forms within the same case. 7 cases and slightly denser in 2 cases. Five cases had cells exhibiting fine vacuolization of cytoplasm.
Immunocytochemistry
In 10 cases, immunocytochemical stains were performed on the cytology or the related histology specimen.
Immunocytochemical staining was performed in 6 cytology cases and 9 histology cases; in 5 cases, immunocytochemical evaluation of histology and cytology specimens was performed. Histochemical and immunocytochemical stains for endothelial markers CD31, factor VIII-related antigen, Ulex europaeus agglutinin I, and CD34 were helpful in the 5 ❚Image 1❚ (Case 2) Fine-needle aspiration specimen exhibiting highly atypical loosely cohesive epithelioid cells with high nuclear/cytoplasmic ratios, vesicular irregular chromatin, and conspicuous nucleoli. A mitosis is present at the edge of the cell cluster (Papanicolaou, ×600).
❚Image 2❚ (Case 2) Biopsy specimen displaying interanastomosing vascular channels lined by large atypical endothelial cells with epithelioid features. Extravasated erythrocytes are present in the surrounding tissue (H&E, ×200).
❚Image 3❚ (Case 3) Fine-needle aspiration specimen displaying small atypical spindle to oval single cells, with the cell in the center containing a vasoformative feature manifested by the distinct intracytoplasmic lumen. Numerous erythrocytes are present in the background (H&E, ×1,000). cytology cases in which they were performed. In 1 patient (case 9), immunocytochemical staining on cell block sections was positive for B72.3, and owing to the initial interpretation of suspicious for adenocarcinoma, vascular markers were not performed. A subsequent pleural biopsy specimen was positive for vimentin and CD31 and negative for cytokeratin and CD34. Three cytology cases were reactive for CD31, 3 for factor VIII-related antigen, 2 for Ulex europaeus agglutinin I, and 1 for CD34. Eight histology specimens were immunoreactive for CD31, 4 for factor VIII-related antigen, 2 for Ulex europaeus agglutinin I, and 1 for CD34. Cytokeratin positivity varied; 3 cytology cases were positive for cytokeratin. One case displayed diffuse cytoplasmic staining positive for cytokeratin, and 2 exhibited focal staining. Two cytology cases were immunoreactive with B72.3, demonstrating diffuse cytoplasmic staining with membrane accentuation.
Discussion
Specific recognition of angiosarcoma in cytologic specimens is difficult, and definitive diagnosis in the absence of ancillary methods is achieved only uncommonly. In part this may be due both to the rarity of this neoplasm, which likely reduces its consideration in the differential diagnosis, and to its diverse cytomorphologic features, which can overlap with those of other spindle cell and mesenchymal neoplasms and those of carcinomas, 41 as well as with reactive processes such as postirradiation atypia. 60 In our review of the literature, the FNA cytologic diagnoses of specimens from angiosarcomas ranged from benign to malignant. In 1 case, the FNA specimen was interpreted as an organizing abscess and granulation tissue; a repeated FNA 4 months later was diagnosed as suspicious for a mesenchymal spindle cell neoplasm. 51 In another case, a diagnosis of fibromatosis with atypia was given. 70 Both of these cases were recognized ultimately as angiosarcoma after subsequent histologic examination.
Some cases were diagnosed as malignant, as suspicious for malignant neoplasm, or simply as neoplasms without further qualification, 46, 58, 61, 69 while still others were further identified as mesenchymal or spindled neoplasms. 49, 51, 57, 66, 67, 70 The possibility of a vascular neoplasm was raised by some authors, 54, 55, 64, 65, 78 but unequivocal diagnoses of angiosarcoma were made in only a few cases. 47, 48, 50, 59, 67, 71 In the cases in which definitive diagnosis of malignant vascular lesions was given, 2 represented metastatic lesions, 59,67 and 3 were supported by immunohistochemistry and cell block preparations. 48, 50, 71 In 3 reports, the lesions were diagnosed as carcinoma or as suspicious for carcinoma. 48, 53, 62 Finally, in a series of 11 FNAs, cytologic diagnoses ranged from atypical cells to angiosarcoma. 60 In 6 additional reports of body fluids involved by angiosarcoma, 2 represented metastatic angiosarcoma, 72, 75 1 was interpreted as reactive mesothelial cells, 73 1 was diagnosed as adenocarcinoma, 74 and 2 contained malignant cells not otherwise specified. 76, 77 In 1 of the latter specimens, electron microscopic examination subsequently revealed endothelial differentiation. 76 When the findings in our study were compared and contrasted with those reported by Liu and Layfield, 60 several features of angiosarcoma common to both studies included small clusters of cells; round, oval, and spindled cellular morphologic features; bloody background; and single atypical cells. In contrast, however, 11 of our 15 cases were of moderate to high cellularity, whereas each of the 11 cases reported by Liu and Layfield 60 was hypocellular. Other features noted in our series that contrast with the findings of Liu and Layfield 60 included vasoformative features (10 cases) consisting of microacinar structures, arborization of microtissue fragments, intracytoplasmic lumens and signet-ring-like cells; rare erythrophagocytosis; mitotic activity; and necrosis. None of these features, however, is specific for angiosarcoma, since they may be noted occasionally in aspirates from poorly differentiated carcinomas. In both studies, prominent nucleoli were identified in approximately half of the cases. Acute inflammation in the background, a relatively common observation by Liu and Layfield, 60 was rare in our series.
As noted, cytoarchitectural features suggesting endothelial differentiation include intracytoplasmic vacuoles, with or without erythrocytes, microacinar lumen formation, and tumor cells lining unequivocal vascular spaces. In the present series, ❚Image 5❚ (Case 1) Fine-needle aspiration specimen with the cell in the center demonstrating 2 oval to slightly spindled eosinophilic cytoplasmic inclusions, possibly representing intralumenal erythrocytes, 1 of several cells in the aspirate containing eosinophilic cytoplasmic inclusions (Papanicolaou, ×1,000).
10 cases demonstrated 1 or more of these elements. These attributes cannot be regarded as diagnostic of endothelial differentiation, however, since other sarcomas and poorly differentiated carcinomas occasionally may demonstrate similar morphologic features. In aspiration biopsy specimens, Kaposi sarcoma typically exhibits relatively bland spindled cells arranged in tight clusters and loose groups and as single cells. 78 Although similar features were noted in some of our aspirates, the majority demonstrated greater cytologic atypia than expected in aspirates from Kaposi sarcoma. Aspirates from epithelioid sarcoma may produce cellular smears composed of large single cells and loosely cohesive cell clusters composed of round, polygonal, and elongated tumor cells with binucleation, inconspicuous to prominent nucleoli, and cytoplasmic vacuoles. 79, 80 In contrast, angiosarcomas tend to display more cytologic atypia than epithelioid sarcomas and occur in older patients, while epithelioid sarcoma is more common in the second through fourth decades. If necessary, immunocytochemistry may help distinguish between epithelioid sarcoma and angiosarcoma, since CD31 will be positive in angiosarcoma and negative in epithelioid sarcoma. Malignant hemangiopericytoma produces cellular aspirates composed of tightly and loosely cohesive groups and single cells with delicate cytoplasm, cytoplasmic vacuoles, and occasional acinar formations. Nuclei in such lesions can vary from oval to elongated with moderate pleomorphism and mitotic activity. The cell clusters also may demonstrate peritheliomatous growth. 81, 82 Exclusion of some differential diagnostic considerations may require immunocytochemistry for vascular markers. Poorly differentiated carcinomas and angiosarcomas may share microacinar features and epithelioid morphologic features, findings that may lead to misdiagnosis of epithelioid angiosarcoma as a soft tissue metastasis from a poorly differentiated carcinoma. Accurate and reliable diagnosis of angiosarcoma consequently requires evaluation and correlation of morphologic and clinical findings, including neoplasm site, pertinent clinical history, and immunocytochemical findings.
An immunocytochemical profile that may be useful includes antibodies to low-molecular-weight cytokeratins, CD31, factor VIII-related antigen, and CD34. CD34 is less useful in the setting of positive cytokeratin staining, since true epithelial neoplasms occasionally may be positive for both 83, 84 ; in the absence of cytokeratin staining CD34 positivity favors angiosarcoma. Other spindle cell neoplasms, however, may show a cytokeratin-negative, CD34+ pattern of immunoreactivity, among which are dermatofibrosarcoma protuberans, hemangiopericytoma epithelioid sarcoma, and solitary fibrous tumor. 83, 84, 87 More specific markers of endothelial differentiation consequently are likely to be of greater value. CD31 is clearly more sensitive than antibodies to factor VIII-related antigen and probably represents the most reliable specific endothelial marker available in the evaluation of cytology and histology specimens. Epithelioid angiosarcomas may express epithelial markers such as keratin 85, 86 and have been reported to demonstrate reactivity with B72.3, as did 2 cases in our series. Epithelial membrane antigen immunoreactivity likewise has been reported. 41 While this is a potential pitfall if the possibility of a vascular neoplasm is not considered initially (as in case 9 in which atypical cells in the pleural fluid were interpreted as suspicious for adenocarcinoma), the practical applications of B72.3, together with CD31, have been established as a marker of endothelial differentiation in the differential diagnosis of epithelioid angiosarcoma. 87 Cytologic features of angiosarcomas revealed by FNA are heterogeneous and may overlap with those of other sarcomas and poorly differentiated carcinomas. Morphologic features that support the diagnosis of angiosarcoma include vasoformative features, such as intracytoplasmic lumens, microacinar lumen formation, and vascular channels, although these features are neither present in all cases nor pathognomonic for angiosarcoma. Immunocytochemical staining for cytokeratin, CD31, factor VIII-related antigen, CD34, and B72.3 may be considered in poorly differentiated soft tissue neoplasms to evaluate for endothelial differentiation. Cytokeratin and B72.3 positivity should be interpreted with caution, since they may be positive in some angiosarcomas, in epithelial neoplasms, and, rarely, in other sarcomas. Recognition of cytologic vasoformative features and integration of these features with immunocytochemical evidence of endothelial differentiation can establish the correct FNA diagnosis of angiosarcoma in most cases.
